INTRODUCTION
The Chinese mitten crab, Eriocheir sinensis H. Milne Edwards, 1854 (Grapsidae, Decapoda) has a wide geographical distribution in many countries in Asia, North America and Europe (Anger 1990 , Clark et al. 1998 , Cohen and Carlton 1997 , Dai and Yang 1991 , Ingle 1986 . It is catadromous, spending most of its life in fresh water but returning to waters of higher salinity in order to mate and spawn. The megalopae complete this life cycle by entering rivers in May or June (Zhao 1980) , and by the following February and April, juvenile crabs will have reached inland lakes (Sun 1998) . As the mitten crab is considered a delicacy, it supports an important traditional fishing industry in China.
Previous studies on the stomach contents of this species have shown that the crab is omnivorous (Chen et al. 1989 , Du 1993 . Chen et a/. (1989) found that the natural foods of the crab from Lake Taihu, China were hydrophytes, fishes, shrimp, molluscs, aquatic insects, and worms. Later studies (Zhu et al. 1997) found that during food selection experiments, the mitten crab had a preference for invertebrates. Among the different invertebrate groups, the mitten crab showed a preference for small bivalve molluscs such as Sphaerium spp. and Pisidium spp. (Du 1993) . Similar studies conducted in San Francisco Bay showed that aquatic plant material was a major component within the stomach contents of the mitten crab (Halat and Resh 1996) .
Little research has been undertaken on the monthly changes in the feeding habits of mitten crabs in freshwater lakes. Thus, the aim of the present investigation was to study the monthly changes of the natural diet in the mitten crab with special emphasis given to the algal diversity.
STUDY AREA
The study was conducted in a shallow freshwater macrophytic lake -Lake Bao'an (30°15'N, 114"43'E), which is located along the middle reaches of Changjiang River, China. The sampling was limited to an embayment of Lake Bao'an where polyethylene nets were used to separate the sampling waters from the main body of Lake Bao'an. The embayment has a water surface area of 3.3 ha, water depth of 1-2 m, Secchi disc depth of 1.00-1.73 m, and pH of 7.5-8.4. About 10,000 two-year-old (carapace width 1 .SO -2.29 cm) juvenile Chinese mitten crabs were stocked in the embayment in February 1998 and 1999. The submersed macrophyte coverage was loo%, being primarily dominated by Myriophyllum spicatum L., Ceratophyllum dernersum Kom., Vallisneria spiralis L., and. Poramogeron crispus L.
MATERIALS AND METHODS
Mitten crabs were collected using traps during the first seven days of each month from March to October,1999. Additionally, measurements were taken of environmental factors, including macrophyte biomass (Table 1) . The individuals sampled were preserved immediately in 8% formalin and analyzed within 20 days from date of capture. In the laboratory, carapace width (cw) was measured using a calipers, and the specimens were assigned to gender. The gastric mills were dissected out, the food contents of each individual were flushed into a plastic tube with 5% formalin,and the volume was brought to 5 ml. Each tube was then lightly agitated using forceps so as to break up the food particles present. The contents were then examined under magnification to 600 X . All food items were identified to the lowest possible taxonomic level and later sorted into fourteen dietary categories: macrophytes, algae (Cyanophyta, Chlorophyta, Euglenophyta, Bacillariophyta, Xanthophyta), arthropods, oligochaetes, fishes, protozoan, rotifer, gastropods, detritus and unidentified animal tissue.
The cells of macrophytes and algae in 20 gastric mills (10 females and 10 males) were counted monthly to evaluate the relative importance of these two food categories. After breaking up and shaking up the food particles in 5% formalin, 0.5 ml homogenized solution was transferred from the 5 ml solution into a 1 ml plastic tube. The cells of macrophytes and algae in this 0.5 ml homogenized solution were individually counted under magnification.
The frequency of occurrence (FO) for each item was calculated monthly using the following formula: FO = (number of gastric mills with the item / number of gastric mills with food ) X 100% A t-test for independent samples was used to determine whether there was a significant difference between the composition of food items within the gastric mills in male and female mitten crabs. A significance level of 95% (P < 0.05) was used throughout.
RESULTS
In total, 530 specimens were captured and examined, and 362 gastric mills (179 females and 183 males) contained food items ( Table 2) .
The gastric mill contents consisted mainly of aquatic macrophytes, algae, Arthropods (including Decapoda and Insecta), Amelida, Oligochaeta and fish, and the total frequencies of occurrence (FO) were 87.3%, 82%, 48.2%, 28.2%, 28.7%, respectively (Table 3 ). In the remainder, Protozoa, Rotifera, Mollusca (Gastropoda) were also found, and FOs were 0.3%, 0.6%, 0.3%, respectively. Detritus and unidentifiable matter (probably animal tissue) often occurred in the contents.
The FO of plants material (macrophytes + algae) was 87.7% with a similar result for animal material (89.8%). In 5.8% of the gastric mills, the food contents consisted only of animal material, whereas 5.3% of the gastric mills contained only macrophytes. If the mitten crabs display only opportunistic feeding behavior, an increase in the FO of macrophytes in comparison to animals found within the stomach contents of these crabs living in a macrophytic lake would be expected. Gastric mills containing only detritus were not found. In the majority of gastric mills analyzed, algae and macrophytes occurred simultaneously. However, in the stomach of a male who had lost both of its claws the contents consisted of only alga -filamentous Spirogyra sp. In a few stomachs, the contents consisted of shrimp and algae, which was from the bodies of shrimps.
The dominant species of macrophytes present in gastric mills were M spicatum, C. demersum, V spiralis, with FOs of 78.2%, 71.8%, and 30.7%, respectively. Other macrophytes included I? crispw, Hydrilla verticillata, I? maackianus, Trapa bispinosa. In algae, 47 genera were identified. FOs of Cyanophyta (eight genera), Chlorophyta (16 genera), Euglenophyta (four genera), Bacillariophyta (17 genera), Xanthophyta (two genera) were 39.2%, 80.9%, 26.8%, 82.0%, and 7.5%, repsctively (Table 3) .
There was no significant difference in food preferences between sexes (t-test, P>0.05), nor were there differences in food items by seasons between male and female crabs ( Table 2) . FOs of macrophytes, algae and detritus were relatively high (376%) each month, and Arthropods obtained high values (371.1%) during May -July (Fig. 1 ). Similarities were observed in the FO of fish and oligochaeta over the studied period; both reached peak values in June (FO, 45.2% and 47.6%). Other animals that were found only in May or June had low FO values.
For the macrophytes, FO of M spicatum changed from 67.4 to 82.2%, which was similar to that of C. demersum. Vallisneria spiralis maintained a lower FO value (20.0 -44.7%) each month. These values might be reflective of standing biomass of these species in the embayment (Table 1) . Correspondingly, the density of K spiralis was also much less than that of M. spicatum or C. demersum in each month. The remaining species combined also had low FO values. High FO values were observed for Chlorophyta (75.6-93.0%) and Bacillariophyta (76.0-93.0%), and both these phyla showed the same trends in appearance from March to October (Fig. 2) . In contrast, Xanthophyta appeared far less frequently (0-17.8%). Cyanophyta showed higher FO values during March -May (57.8 -72.1%). Although Oscillatoria spp., Phormidium sp., and Spirulina spp. were present each month, the FO values were low. The FO values of Cosmarium spp. and Oedogonium spp. ranged between 55.3-88.4% and 66.7-88.4%. In some months, Staurastrum spp., Cladophora sp., Spirogyra spp. had high FO values (3 50.0%). The highest FO of four genera in Euglenophyta was 44.7%. The monthly FO of Cymbella spp. was high, and for some other bacillariophytes the monthly FO was > 50% (e.g., Gomphonema spp., Navicula spp., Cocconeis spp.).
The t-test showed there was no significant difference @>0.05) in food habits between male and female crabs. The ratio of cell number of macrophytes to algae was about 156: 1. Chen et al. (1989) examined the stomach contents of 25 mitten crabs sampled fiom Lake Taihu, China through one year. They found that food items of the crab were hydrophytes, fishes, shrimps, molluscs, aquatic insects, and worms. Additionally, there was no report of the presence of algae, protozoa, rotifers, or detritus within the gastric mills of these specimens. Wang and Liang (1995) described 64 genera of periphytic algae on macrophytes in Lake Bao'an. We found 47 of these genera in the gastric mills of mitten crabs. The presence of both macrophytes and algae in gastric mills suggests that the mitten crabs were consuming the host plants and fortuitously also consuming the algae. However, some filamentous species of algae were directly consumed.
In comparison with the bulk number of macrophyte cells, the amount of algal cells was very small. However, the nutritional effect of algae on the crab can not be overlooked. Collins and Paggi (1998) suggested that algae can supplement a prawns' diet with vitamins and other substances of high nutritional value. This may also be possible for juvenile mitten crabs. In other crab species, algae often appeared in food remains, such as carnivorous Portunuspelagicus (Wu and Shin 1998) , herbivorous Grapsus albolineatus (Kennith and Williams 1996) , and omnivorous Pleuroncodes planipes (Anomura, Galatheidae) (Aurioles-Gamboa and Perez-Flores 1997). Studies of the stomach contents of P planipes, showed that in March, the most abundant diatom genera were Nitzschia, Melosira and Cocconeis in that order, which accounted for 74% of the relative importance index. However, in September, Cyclotella, Nitzschia and Melosira. accounted for 42% of the importance index (Aurioles-Gamboa and Perez-Flores 1997). In our study, diatoms frequently appeared in the gastric mills of the specimens analyzed. Shen (1980) found that a total of 175 species of periphytic protozoans, grew on submersed macrophytes (M. spicatum, C. demersum, P maachianus) in Lake Dong Hu, China and that the most predominant species, Vorticella campanula, comprised of 80-90% of the total. Hu (1995) also reported large numbers of sessile periphytic zooplankton such as Stentor sp. (Protozoa) and Rotaria tardigrada (Rotifera) in Lake Bao'an. These periphytic organisms could potentially be a valuable food resource for the mitten crab, although the FO values of these animals all were very low in our study. However, the low numbers of periphytic protozoans and rotifers were observed may be due to their delicate structure and the efficient nature of the gastric mills, which rendered many of these specimens unrecognizable. Previous studies showed that the FO value of mollusca present in stomach contents of mitten crabs was 20% (Chen et a/. 1989) . Du (1993) found that the mitten crab showed a preference for mollusca such as Sphaerium sp. and Pisidium sp. among animal items. Although Liang et al.
(1 995) reported that there were 23 species of mollusca identified from Lake Bao'an, surprisingly only one species was recorded in the stomach contents of the mitten crabs in our study. The reasons may be that, if other food resources are available, the mitten crab will not consume mollusca because processing mollusca is time-and energy-expensive due to their hard shells. Also, the mitten crabs may sometimes just consume the soft parts of molluscs and discard the shells, which reduces the chances of finding identifiable shells in their stomachs. In this study, unidentified animal tissue appeared frequently. Potentially this tissue may have come from a mollusca; however, due to the efficient nature of the gastric mill, it would be impossible to identify these tissues with confidence. Undoubtedly, new techniques (e.g., the stable isotope, Beaudoin et al. 1999) should be used in order to identify those soft structured organisms within the stomach contents of the mitten crab.
The FO value of detritus each month was very high. Detritus is associated with aquatic bacteria and other microorganisms and can play an important role in the aquatic ecosystem (Odum and de la Cruz 1963) . Through the consumption of detritus, the mitten crab may also serve a recycling function within an aquatic ecosystem. Further research may determine the nutritional value of this material to the mitten crab. 
